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Executive Summary

Purpose

[L.S. weapon systems are often procured with only computer-based vul-
nerability and lethality estimates, and little or no testing to determine
effects against actual threats. The Joint Live Fire Test program (JLF)
was initiated in 1984 to perform such testing on current U.S. systems.
The Chairman, Seapower Subcommittee, House Armed Services Commit-
tee, asked GAO to evaluate JLF and related live fire programs in pop.
GAO's evaluation was organized around 4 questions: 1) What is the sta-
tus of each system and munition originally scheduled for live fire test-
ing?: 2) What has been the methodological quality of the test and
evaluation process”: 3) What are the advantages and limitations of full-
up live fire testing, and how do other methods complement full-up test-
ing?: and 4) How can live fire testing be improved?

Background

JLF is a vulnerability lethality (v L) assessment program in which Soviet
munitions are fired at combat-loaded U.S. systems. and [material
deleted]. Testing began in FY 1985, and is scheduled to run through FY
1990. The program has an armor;anti-armor component (.JLF/Armor)
and an aircraft component (JLFAircraft). The focus is on first line,
fielded systems. After GAO received this request. Congress mandated
that developmental systems also undergo realistic live fire testing before
proceeding bevond low rate initial production.

Results in Brief

I

There have been major slippages in the JLF Armor schedule, largely due
to prolonged controversy between the Office of the Secretary of Defense
and testers over objectives and methodology. In contrast, JLF, Aircraft
was planned and implemented without major conflict or interruption.
Lack of targets has been a problem for both components.

Although there is little completed testing to evaluare, it is apparent that
the technical capability to do full-up testing (that is, testing with com-
bustibles on board) is not well developed. This seems to be a conse-
quence of the historically low emphasis on live fire testing in the U.S.

The main controversies in live fire test methodology reflect differences
between the interests of proponents of full-up testing and advocates of
computer modeling. resulting in largely incompatible approaches which
cannot be reconciled by technical solutions alone.

It is doubtful that JLF or any future live fire testing will produce the
kind or quantity of data needed to validate the sophisticated v L models

Page 2 GAO PEMD-87-17 Evaluating Live Fire Testing Programs



Executive Summary

GAQ’s Analysis

currently in use. However, the accumulated data should enable checking
whether model revisions improve predictions.

Full-up live fire testing is the only v L assessment method providing
direct visual observation of the damage caused by a weapon, /target
interaction under realistic conditions. As such. it offers a unique. impor-
tant advantage over other methods.

Status of Tests

The slippages in the .ILF Armor test schedule have meant that the first
of the originally scheduled tests began almost two years behind sched-
ule. The JLF. Aircraft program has also been delayed (principally due to
lack of targets), but less severely than JLF  Armor.

Methodological Quality of
Tests

JLF's program objectives were not well enough defined to give test
designers a clear direction. There have been conflicting statements of
the objectives of live fire testing in general, reflecting underlying differ-
ences in the interests of the individuals and organizations involved.

The long-term planning failure of 0sD and JLF Armor officials to agree
on a testing approach has caused implementation delays and the waste
of resources in repeated plan revision. The approach of the most recent
draft JLFArmor master plan is similar to the first version, rejected by
0sD in 1984 because of inconsistency with the objectives of JLF. JLF/Air-
craft planning was generally well organized, thorough. and consistent
with objectives. However, JLF: Aircraft test plans omit key information,
contain inconsistencies, and specify targets which are not available.

The principal constraint faced by all JLF officials is a lack of targets.
Budgetary responsibilities were never clearly designated; the services
were not responsible for supplying targets, nor was this covered under
JLF's budget. Consequently, test officials have had to spend much of
their time marketing the program. and competing with other interests
for targets. The target systems and components that .1LF does receive are
frequently in poor condition, yet JLF provides no funds for restoration.

In general, the sample sizes of JLF and related live fire tests have been
too small to produce statistically reliable results. The most common v L
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indicator—probability of a kill given a hit—is primarily based on sub-
jective engineering judgment, and has not been shown to be statistically
reliable or valid. Users of output from v L analysis are often unaware of
the subjective nature of this indicator. (See pp. 69-75; 114-15.)

Controversy over how to select test shots is largely a conflict between
the two objectives of sampling efficiency and unbiasedness. Ultimately’,
it appears impossible to agree on how to select shots without first decid-
ing on the relative importance of these objectives. (See pp. 75-86.)

The scientific capability to estimate human effects with confidence has
not yet been achieved. This, and the fact that JLF plans have paid little
attention to human effects, make it unlikely that JLF will produce pre-
cise estimates of casualties. (See pp. 86-89.)

Overall. the state of the art of live fire testing has improved since previ-
ous live fire programs, but some potentially solvable problems raised
earlier have not been solved. For example, little progress has been made
in the empirical validation of v L estimates.

Advantages and
Limitations of Full-Up
Testing

Full-up live fire testing is the only v L assessment method providing
direct visual observation of the damage caused by a weapon; target
interaction under realistic combat conditions. These observations are
regarded as highly beneficial by users. Full-up testing has already pro-
duced several “surprises™. i.e., results that were not predicted, and
might not have been detected by other means of testing or analysis. The
primary limitation of full-up, full-scale testing is cost, mainly due to the
high cost and limited availability of targets. Nonetheless. live fire testing
costs are a very small percentage of total program costs. Other limita-
tions are limited information yield, limited generalizability of results,
and limited redesign opportunities. (See pp. 101-04.)

Other Methods

Subscale and inert testing have some distinct advantages over full-up
testing, but provide only indirect evidence of effects on realistic targets.
Analysis of combat data has other advantages, but has less scientific
control and is limited to systems that have been in combat. All these
methods can supplement full-up, full-scale testing but not substitute for
it. (See pp. 105-07.)

Models are potentially useful in extrapolating beyond test results, and
have a unique advantage over testing in their applicability to systems
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not vet built. Still, current v L models are inadequately validated and
share many limitations. Key mechanisms for producing casualties are
poorly modeled if at all, limiting the models’ usefulness in predicting
casualties or providing insights into casualty reduction. Claims that
models predict well “on the average’ can be misleading, yet claims that
vulnerability models predict poorly have been somewhat overstated.
There are no clear criteria for success and failure in model prediction,
and proponents and opponents of modeling have both claimed support
from the same data. (See pp. 107-28.)

Improving Live Fire
Testing

Recommendations

Agency Comments

Opportunities were identified for technical improvements in the design,
conduct, and interpretation of live fire tests (e.g., bOD could test whether
departures from realism that reduce the cost or difficulty of conducting
live fire tests do nonetheless preserve the generalizability of test results
to realistic conditions), and general improvements to facilitate realistic
live fire testing and the usefulness of its results (e.g.. oD could consider
target costs in light of total program costs, including the concept of a
percentage set-aside for live fire testing). (See pp. 132-34.)

In addition to the improvements noted above, there is a need to resolve
current conflicts about the purpose of live fire tests and to make clear
that the objective of reducing vulnerability and increasing lethality of
U.S. systems is the primary emphasis of testing. Accordingly, GAO rec-
ormmends that the Secretary of Defense conduct full-up tests of develop-
ing systems, first at the subscale level as subscale systems are
developed. and later at the full-scale level mandated in the legislation:
establish guidelines on the role live fire testing will play in procurement;
establish guidelines on the objectives and conduct of live fire testing of
new systems; and ensure that the primary users’ priorities drive the
objectives of live fire tests.

The live fire legislation requires the services to provide targets for test-
ing new systems, but there is no similar requirement for the fielded sys-
tems in JLF. Accordingly, A0 recommends that the Secretary of Defense
provide more support to JLF for obtaining targets.

poD provided oral comments ¢n the report. Dob concurred with all rec-
ommendations and most findings, and made several suggestions to
improve technical accuracy. Gao made changes based on these sugges-
tions where appropriate.

Page 5 GAOQ, PEMD-S7-17 Evaluating Live Fire Testing Programs



Contents

Executive Summary

Chapter 1
Background

Chapter 2

What Is the Status of
Each System and
Munition Originally
Scheduled for Live
Fire Testing?

2
12
Prior GAO Reports 12
What Is Live Fire Testing? 13
Lack of General Definition 13
Types of Live Fire Testing 13
Basic Concepts 14
Relationship to Developmental and Operational 15
Testing
History of Live Fire Testing 16
Recent Legislation 16
Live Fire Testing of New Systems 17
Testing of the Bradley Vehicle 17
Objectives, Scope, and Methodology 18
Assessing Test Quality 20
External Comparisons 21
Models 22
Suggestions for Improvement 22
Organization of the Report 23
24
Development of the JLF Program 24
Service Response 24
The JTCG Tasking 25
Limited Service Responsibility 25
Exclusion of Ships 26
Program Organization 26
Current Status of Tests 26
JLF;Armor 26
JLF/Aircraft 30
Differential Progress of JLF,/Armor and JLF, 32
Aircraft
Conclusions 33
Development of JLF 33
Current Status of Tests 34

Page 6 GAO PEMD-87-17 Evaluating Live Fire Testing Programs



Contents

Chapter 3 36

What Has Been the Program Objectives 37
. JLF:Armor 38
Methodologlcal Overall Planning 40
Quallty of the Test Setting Test Objectives 43
and Evaluation Test Planning 42
o ' [Implementation 47
P rocess: Analysis and Reporting 48
JLF: Aircraft 49
Overall Planning 49
Setting Test Objectives 54
Test Planning 55
Implementation 59
Analysis and Reporting 60
General Issues 61
Conflict Over Objectives 61
Availability of Targets 65
Statistical Validity 69
Shot Selection Methodology 75
Characterization of Human Effects 86
Incentive Structure 89
Comparison Programs 90
Comparisons With Past Live Fire Testing 90
Programs
Comparisons With Foreign Live Fire Testing 94
Programs
Conclusions 95
Program Objectives 95
Armor 95
Aircraft 97
General Issues 98
Comparison Programs 99
Summary Conclusion 100

Page 7 GAQ, PEMD-87-17 Evaluating Live Fire Testing Programs



Contents

Chapter 4 101
What Are the i:\_dvantgges offFI‘?ullll—ILTTp IEiveIf?irer;l‘est'ing 13£
N imitations of Full-Up Live Fire Testing 2
Advantages and Cost 102
Limitations of Full—Up Limited Information Yield 103
Live Fire Test.ing, and L?m?ted Generglizability of Fi‘ndings lQ3
A Limited Redesign Opportunities 104
How Do Other How Do Other Methods Complement Full-Up Live Fire 105

Methods Complement Tests? ‘,
. 43 9 Subscale Testing 105
Full Up TGStlI’lg. Inert Testing 105
Combat Data 106
Modeling 107
Conclusions 128
Advantages of Live Fire Testing 129
Limitations of Live Fire Testing 129
Other Methods That Complement Full-Up Live Fire 130

Tests

Chapter 5 133
How Can Live Fire Technical Improvements 133
Testin g Be Improve d9 General Improvements 134
Chapter 6 136
Recommendations and Recommendations to the Secretary of Defense 136
Agency Co ents Agency Comments 136
Bibliography 153
Glossary 158
Appendixes Appendix I: Request Letter 138
Appendix [I: Review of Individual Tests 140
Tables Table 1.1: Types of Live Fire Testing 14
Table 1.2: Relationships Between Key Concepts 15
Table 2.1: Initial Schedule, Revised Schedule, and 28

Reported Reasons for Changes, for JLF - Armor

Page 8 GAQO PEMD-87-17 Evaluating Live Fire Testing Programs



Contents

Table 2.1: Initial Schedule, Revised Schedule, and 28
Reported Reasons for Changes, for JLF/Armor
Table 2.2: Initial Reporting Date, Revised Reporting Date, 31

and Reported Reasons for Changes, for JLF/Aircraft
FY85 and FY86 Tests

Table 3.1: Live Fire Tests Individually Reviewed 39

Table 3.2: Main Documents Used in Reviewing the Quality 40
of Live Fire Tests

Table 3.3: JLF/Aircraft Target Systems Selected for 50)
Testing

Table 3.4: JLF-Aircraft Munitions 52

Table 3.5: Inclusion of Selected Information in JLF AT

Aircraft FY85 and FY86 Detailed Test Plans

Table 4.1: Comparison of Average P, From MEXPO Data 116
and Predictions From Compartment-Kill Model

Table 4.2: IDA Presentation of MEXPO Data Comparing 17
Combat Results and Model Predictions

Table 4.3: IDA Table Rearranged in Conventional 2 X 2 118
Format

Table 4.4: Hypothetical Counterpart to Table 4.3 118

Table 1.5: [Material Deleted] 119

Table 4.6- [Material Deleted| 120

Table 4.7: Comparison of A-10 GAU-8 (LAVP) Test Data 122
and Revised Maodel Predictions

Table 4.8: [Material Deleted] 123

Table 1.9: Point-Burst Model Predictions Compared to 125

Full-Up Live Fire Test Results on Bradley Vehicle and
[Material Deleted]

Flglll“eS Figure 2.1: JLF Organization Chart 27
Figure 3.1: Distribution of 95% Confidence Intervals by 3

Sample Size, for P, = .5
Figure 4.1: Approach to Vulnerability Assessment 109

Preferred by BRL

Page 9 GAQ  PEMD-87-17 Evaluating Live Fire Testing Programs



Contents

Abbreviations

AFATL
AMSAA
AP
APC
APl
BAST
BRL
CARDE

DDTE

DOD

DTP
DUSDRE(TE)

GAO
HASC
HEAT
HEI

IDA

JCs

JLC

JLF
JT&E
JTCG AS

JTCG ME

LANL
LAVP
LRIP
MEXPO
NRC
NAVAIR
0sD

P
N

RPG

SPC

SPO
SDAL
SURVIAC
T&E
TEAS
TEMP
VL

h

Page 10

Air Force Armament Laboratory

Army Materiel Systems Analysis Activity

Armor piercing

Armored personnel carrier

Armor-piercing, incendiary

Board on Army Science and Technology (of NRC)

Ballistics Research Laboratory

Canadian Armament Research and Development
Establishment

Director, Defense Testing and Evaluation

L. S. Department of Defense

Detailed test plan

Deputy Under Secretary of Defense for Research and
Engineering (Testing and Evaluation)

U. S. General Accounting Office

Ul. S. House of Representatives Armed Services Committee

High explosive anti-tank

High explosive incendiary

Institute for Defense Analyses

Joint Chiefs of Staff

Joint Logistics Commanders

Joint Live Fire

Joint test and evaluation

Joint Technical Coordinating Group for Aircraft
Survivability

Joint Technical Coordinating Group for Munitions
Effectiveness

Los Alamos National Laboratory

Lot Acceptance Verification Program

Low rate initial production

Materiel exploitation program

National Research Council

Naval Air Command

Office of the Secretary of Defense

Probability of kill

Probability of kill, given a hit

Rocket propelled grenade

Systems Planning Corporation

System program office

Standard damage assessment list

Survivability,/Vulnerability Information Analysis Center

Testing and evaluation

Testing and Evaluation of Aircraft Survivability

Test and evaluation master plan

Vulnerability ‘lethality

GAO -PEMD-87-17 Evaluating Live Fire Testing Programs



Page 11

GAO /'PEMD-87-17 Evaluating Live Fire Testing Programs



Chapter 1

Background

The Joint Live Fire Test (JLF) is a vulnerability,lethality (v L) assess-
ment program in which Soviet munitions are fired at combat loaded U.S.
systems, and U.S. munitions are fired at combat loaded Soviet systems.
At least four groups have been identified as potential users of JLF test -
results: designers, tacticians, force level planners, and procurement
authorities.

The program is divided into an aircraft component and an armor, anti-
armor component, which we will refer to as JLF/Aircraft and JLF/Armor.
respectively. The focus 1s on first line, fielded systems; systems still
under development are not included. According to one estimate, the pro-
gram affects the lives of over 300,000 servicemen who may have to use
this equipment in combat. Testing began in FY 1985, and is scheduled to
run through FY 1990.

The Chairman, Seapower Subcommittee, House Armed Services Commit-
tee, asked us to evaluate the JLF program and related live fire test pro-
grams in DOD, specifically, tests of systems removed from JLF to be tested
by the Army. We have organized our evaluation around 4 guestions:

1) What is the status of each system and munition originally scheduled
for live fire testing?

2) What has been the methodological quality of the rest and evaluation
process?

3) What are the advantages and limitations of full-up live fire testing,
and how do other methods complement full-up testing?

4) How can live fire testing be improved?

Prior GAO Reports

We have produced two reports on the Bradley Infantry Fighting Vehicle
survivability testing. The first (February, 1986) focused on the Bradley
Phase I live fire testing.' It concluded that the Bradley as presently con-
figured is highly vulnerable to anti-armor weapons, and noted problems
with the tests already completed. (We discuss these in Appendix II). The
second report (November, 1986) focused more on the Bradley's mission

118 General Aceounting Office Bradley Vehicle: Concerns About the Armiyv's Vulnerability Testing.
GAQ/NSIAD-8648Y, Washingron, DC: February, 1936
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What Is Live Fire

Testing?

requirements and the proposed operational tests.” This report concluded
that new operational tests should be conducted with particular empha-

sis on how well the tactics devised for the Bradley will offset its vulner-
ability. and at the same time, permit it to retain its combat effectiveness.

The term “live fire test™ is used in several ways within pon, but not all
of these involve the vulnerability or lethality of weapon systems. For
example:

A 1985 missile firing from an F-16 aircraft was called a live fire test; its
purpose was to verify the missile’s compatibility with the F-16’s avion-
ics system and the performance of the missile’s active radar guidance
capabilities. In this sense of the term, live fire is distinguished from cap-
tive carry, i.e., using the missile’s guidance system to allow the aircraft
to carry the missile along the path to the target.

A 1975 weapons proficiency training experiment was also called a live
fire test; its purpose was to compare the performance of troops doing
actual firing with troops simulating firing. In this sense of the term, live
fire is distinguished from dry fire.

Tests of fire suppression systems are also called live fire tests.

In this report. the term live fire will apply only to v L testing.

Lack of General Definition

None of the planning documents, briefings, or testimony we reviewed
contained a general definition of live fire testing, even limited to v L test-
ing. The range of testing in JLF is so broad that no single definition is
likely to cover all cases. Some JLF tests, such as the aircraft engine fuel
ingestion tests, involve no live firing of munitions at all. relying instead
on mechanically punched holes.

Types of Live Fire Testing

Live fire testing can be roughly classified by the status of the target.
Targets can be full scale or subscale, and full-up or inert:

Full-scale targets are complete aircraft or armored systems. while sub-
scale targets are components, siibcomponents, structures, etc.

‘US General Accounning Office. Bradley Vehicle: Armiyv's Efforts to Make [t More Survivable. GAQ
NSIAD-37-140
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Full-up targets contain all appropriate combustibles—typically fuel,
ammunition, and hydraulic fluid—while inert targets do not contain
these.

The 2 X 2 matrix in Table 1.1 illustrates these distinctions, with exam-
ples. JLF and related live fire testing currently being conducted falls into
all four types.

Table 1.1: Types of Live Fire Testing

Loading

Scale Full-Up Inert?

Full scale Comptete system with Complete system. no
combustibles (e.g , Bradley Phase comhbustibles (e g tests of new
il tests. aircraft "proof’ tests) armor on actual tanks, arcraft

fight control tests)

Sub-scale Components. subcomponents Components. subcomponents,
with combustibles (e.g . fuel cell structures, terminal ballistics,
tests behind armor mock-up munitions performance, behind-
arrcraft engine fire tests) armar tests, warhead

characlenzation {e.g , armor;
warhead interaction tests. aircraft
component structural tests)

3n some cases. largets are  semi-inert” m2aning some combustibles are on board but nol all (Example
rests of complele tanks with fual ang hydraulic fluid but dummy ammuninon )

Full-scale, full-up testing is generally considered the most realistic vari-
ety of live fire testing currently practiced, and is the type mandated by
the authorization legislation described below. Though munitions are
real, they are not generally fired from operational weapons systems
such as tanks and aircraft. Rather, they are most frequently fired from
stationary mockups designed to deliver them at a pre-specified realistic
velocity.

Usually. the term full-up testing implies full-scale targets. We will follow
this practice here; references to full-up testing imply full-scale targets
unless otherwise indicated.

Basic Concepts

T

Regardless of type, live fire testing as currently practiced addresses
questions of vulnerability and-or lethality. It does not, as is sometimes
mistakenly assumed. address the larger concepts of survivability or
effectiveness, or the related concept of susceptibility. Survivability and
effectiveness refer to the probability of a kill, while susceptibility refers
to the probability of engagement. Vulnerability and lethality, by con-
trast, refer to the probability of a kill given a hit. That is, for vulnerabil-
ity and lethality the hit is assumed (i.e., its probability is 1 0).
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Technically, this is called a conditional probability, because the
probability of a kill is conditional on a hit having occurred. This means
that system capabilities which reduce the probability of getting hit (e.g.,
maneuverability, low detection signature) have no effect on vulnerabil-
ity and lethality as assessed through live fire testing (Table 1.2 illus-
trates the relationship among all these concepts).

Table 1.2: Relationships Between Key
Concepts

Point of view

Symbol Meaning Offensive®  Defensive®
i B Probability of engagement ) - Susceptibility
P.e Probakulity of a hit, given engagement — —

P. . Probability of a kill, given a hit Lethanhty Vulnerabilty
P Probability of a kil Effectiveness Survivability

*Dffensive tocus on rthe artacking munition Defensive focus on the delending target

r‘PH = (Fgnf, iR, ). for example whiere Pe=4d4 P, = 7TandP, = 5P =tdTichi= 14
Source Adapted from G Smithetal  The Joint Live Fire (JLF) Test Background ang Exploratory
Teshing. 1IDRAFT) Alerandna, Va Instilute for Defense Analyses. March 1986

Therefore, it is the view of vulnerability experts that JLF and related
live fire tests will not provide “stand alone’ data from which
survivability and effectiveness conclusions can be reached. Other fac-
tors. such as susceptibility, must be integrated with the v 1. data and
then all appropriate trade-ofts carefully evaluated before arriving at
any conclusions about required design changes.

Relationship to
Developmental and
Operational Testing

Traditionally, poD testing falls under one of two categories: developmen-
tal and operational. Live fire testing, however, does not fall neatly under
either category. Organizationally, it has been conducted under the Dep-
uty Undersecretary of Defense for Research and Engineering (Test and
Evaluation), which has oversight for developmental, but not opera-
tional, testing. Though live fire testing sometimes has been part of
developmental testing, this is not generally the case. The ILF and related
tests (Bradley vehicle, M1 tank) are all being conducted post-develop-
ment. Yet live fire tests are not operational tests either, because there is
no attempt to simulate an operational environment.? Organizationally as
well, live fire testing has been kept separate from operational testing.

3 A notable exceprion was the GALU-8 lethality test (described in Chapter 3, where rhe targets ctanks)
were arranged in operational formation and fired at from actual flying aircratt
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History of Live Fire
Testing

Recent Legislation

ral v -1
LrdpLEr 1

Background

Live fire testing in the U.S. goes at least as far back as early WW II,
when live fire tests demonstrated that the U.S. M2-series light tanks
could be defeated by .50-cal. armor piercing (AP) machine gun fire. It
continued through the 1950s, culminating in the Canadian Armament
Research and Development Establishment (CARDE) trials in 1959.
CARDE—the last comprehensive series of live fire tests on armored
targets—looked at a number of generic shaped charge warheads in an
attempt to assess their lethality against enemy targets. Although the tri-
als were conducted under a number of handicaps, such as non-function-
ing test vehicles, limited weapon classes, and old tactics, CARDE data still
form the empirical foundation for the computer models used by weap-
ons effects and vulnerability analysts. In the 25 years between CARDE
and JLF, there were only isolated instances of live fire testing on
armored vehicles (most notably, the GAU-8 lethality tests, described in
Chapter 3).

On the aircraft side, the only systematic live fire testing was the Test
and Evaluation of Aircraft Survivability (TEAS) in the early 1970s. TEAS
grew out of the Southeast Asia conflict, in which the large number of
aircraft losses made it clear that survivability had not been given suffi-
cient emphasis during design (at least 60 percent of the 5,000 U.S. air-
craft lost in Viet Nam were downed by fire and explosion). TEAS was a
tri-service program to 1) evaluate the vulnerability of the F-4. A-7, and
AH-1 aircraft, 2) develop vulnerability reduction concepts for those air-
craft, and 3) apply the knowledge gained to future aircraft. Following
TEAS, funding emphasis moved from evaluation by full-scale live fire
testing toward evaluation by analysis (i.e., computer modeling).

Thus both the armor and aircraft v 1. communities took a general turn
away from live fire testing and towards modeling. Test and evaluation
funding for vulnerability reduction has been limited. despite a recogni-
tion by experts that the analytical models utilized in some areas are
inadequate or lack validation.

At the time of the Chairman’s request, there were no laws requiring live
fire testing: JLF and related live fire programs of existing systems were
pOD initiatives. Congress has since mandated live fire testing of certain
weapon systems in the National Defense Authorization Act for Fiscal
Year 1987. There are two live fire sections in this legislation: one on the
testing of new systems and one on the testing of the Bradley vehicle.

Page 16 GAO PEMD-87-17 Evaluating Live Fire Testing Programs



Chapter 1
Background

Live Fire Testing of New

Systems

As stared in Section 910, the Secretary of Defense shall provide that:

1) a covered system may not proceed bevond low rate initial production
until realistic survivability testing is completed.’

2) a major munition or missile program may not proceed beyond low
rate initial production until realistic lethality testing is completed.

survivability and lethality tests are to be carried out sufficiently early
in the development phase of the system or program to allow any design
deficiency demonstrated by the testing to be corrected before proceeding
bevond low rate initial production. Testing costs will be paid from funds
available for the system being tested. The Secretary of Defense may
waive such testing if he certifies to Congress that live fire testing of that
system would be unreasonably expensive and impractical. The President
may waive it in time of war or mobilization.

The section’s definitions emphasize the full-up. live fire nature of the
testing requirement:

“The term ‘realistic survivability testing” means . . testing for vulnerability and
survivability of the system in combart by firing munitions likely to be encountered in
combat . . . at the system configured for combat. with the primary emphasis on test-
ing vulnerability with respect to potential user casualties and taking into equal con-
sideration the operational requirements and combat performance of the system.™

“The term ‘realhistic lethality testing’ means . testing far lethality by firing the
munition or missile concerned at appropriate rargets configured for combar.™

“The term ‘configured for combat” . . means loaded or equipped with all dangerous
materials (including all flammables and explosives) that would normally be on
board in combat.”™

Testing of the Bradley

Vehicle

As stated in Section 121, the Secretary of Defense shall:

require both live fire testing and testing of operational combat
performance.
develop a plan for said testing and evaluation.

A proposed amendment 1o the legislation substitutes the term “vildnerabiliy ™ for “~sur v ability,” so
a5 1o be more consistent with general DOD practice.
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Objectives, Scope, and
Methodology

The plan is to include both the Army’s "‘high survivability” Bradley and
the “minimum casualty vehicle.” The latter will be a specially con-
figured vehicle previously encouraged by the Office of the Secretary of
Detense (0sD). The two vehicles will then be compared.

The live fire tests were to be developed in consultation with the 0sp
Director of Defense Research and Engineering and the National Acad-
emy of Science. This has already been done. The operational perform-
ance aspects are to be developed in consultation with the Director of
Operational Testing and Evaluation.

In a letter of May 12, 1986, the Chairman of the Seapower Subcommit-
tee, Honse Armed Services Committee asked us to collect and analyze
information on the Joint Live Fire Test program (JLF) and related live
fire testing in poD. From the letter and subsequent meeting with staff,
we derived the following evaluation questions and adopted tasks to
answer each:

Question 1. What is the status of each system and munition originally
scheduled for live fire testing?

Tasks:

Determine the current scheduling status of each system or component in
the JLF program from appropriate testing officials and documents,
including systems formally removed from .JLF { Bradley, M1, and M113).
Compare current schedules with original schedules and determine prin-
cipal reasons for slippages.

Question 2. Over a variety of tests, what has been the methodological
quality of the test and evaluation process?

Tasks:

Assess the ILF methodology in terms of setting test objectives, planning
and implementing tests, and analyvzing and reporting results

Elaborate and clarify the controversy over the objectives of the JLF
program.

Determine the obstacles and proposed solutions to obtaining sufficient
numbers of targets.

Determine if and how testers are maximizing information yield from
small samples through design efficiency.
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Elaborate and clarify the controversy over shot selection methodology
for the Bradley vehicle. and draw implications tor live fire testing in
general.

Compare JLF objectives and approaches with previous 1.5, live fire test-
ing programs.

Compare JLF objectives and approaches with foreign live fire testing
programs. if information is available.

Question 3. What are the advantages and limitations of live fire testing,
and how do other means complement full-up testing”

Tasks:

Review the relationship of subscale and inert testing to fuli-up tests.
leview the advantages and limitations of using combat data in vulnera-
bility assessment.

[dentity and evaluate claims about the advantages and limitations of
modeling and tull-up testing.

Determine how models are used in live fire tests.

Determine how models can be validated in live fire testing.

Determine how well current models predict vulnerability,

Question 4. How can live fire testing be improved?
Tasks:

[dentify potential technical improvements to live fire testing.
Identify potential general improvements to live fire testing.

The scope covered JLF and other live fire testing not currently part of
JLF. We conducted the work in Washington, DC, Aberdeen Proving
Ground, MD, Wright-Patterson Air Force Base. OH. and China Lake, CA.
All data were gathered between June and December, 1986.

To answer our questions. we:

observed live fire tests;

interviewed poD officials and outside experts in V.1 testing and analyvsis;
reviewed JLF and related live fire testing documentation; and

reviewed literature on v. L model validation and other literature as
applicable.
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Assessing Test Quality

During a prior review of the Joint Test-and-Evaluation Program (IT&E),
we developed a case-study method to assess the quality of the tests.”
The method included an examination of the seven steps in the test pro-
cess from understanding the context and defining the objectives through
planning and implementation. data analysis and reporting, to using the
results. For each of the steps, we identified threats to the quality of the
test and assessed the probable effect of each threat. The JT&E review
also considered test features such as realism in the selection of test
objectives; whether there were unjustified departures from the test plan
during implementation; whether the data analysis used explicit and jus-
tifiable criteria for excluding data and appropriate statistical controls
for threats such as attrition; and whether the reporting of results was
clear and comprehensive, with appropriately qualified conclusions and
recommendations congruent with the findings.

Because the JLF review was similar in many respects to the JT&E study,
we used the JT&E assessment methods wherever possible in the case-
study analysis of the completed Joint Live Fire Tests. Many of the stan-
dards are relevant to judging the quality of live fire tests, but there are
some points at which the nature of live fire testing dictated the use of
different standards and emphases and, correspondingly. the considera-
tion of different methodological issues. For example:

The operational tests reviewed in JT&E often managed to obtain fairly
large sample sizes in spite of the high costs of testing, through the use of
repeated trials with simulated firing. The extremely limited availability
of test targets and the limited number of shots possible on each target
for destructive live fire testing make issues related to small sample size
more important.

Tactical realism and training of participants are important in opera-
tional tests. but not important in live fire testing as currently practiced.

Since JLF was in the second year of its funding, and little actual testing
had taken place, we assessed the methodological quality of plans for
tests not yet conducted, in addition to completed tests. Our goal was to
identify methodological issues that could be expected to arise in the
course of JLF tests and live fire testing in general. Therefore, we
reviewed:

"L General Accounting Office. How Well Do the Military Services Perform Jontly in Combat?
00OD's Jount Test-and-Evaluation Program Provides Few Credible Answers GAO PEMD-81-3 Wash-
ington, DC: February 22, 1984

Page 20 GAO PEMD-87-17 Evaluating Live Fire Testing Programs



Chapter 1
Background

all available master plans and detailed test plans that had been pre-
pared by the end of our review, and
all completed draft JLF reports.

We examined the process of overall planning, setting test objectives, test
planning, implementation, and the analysis and reporting of results. We
were able to capitalize on the existing variation in the test cycle across
systems to review different stages of the testing process occurring
simultaneously in our time window. Wherever reports were complete at
least in draft form we proceeded with a version of the JT&E case study
method.

By agreement with our requester, we did not conduct a detailed case
study of the Army’s tests of the Bradley Fighting Vehicle. There are
three reasons for this:

We have issued two reports on Bradley testing and will issue another
after Phase Il testing is completed.

The House Armed Services Committee, our requester’s parent commit-
tee, has already conducted their own investigation and issued a report
on the Bradley tests.

All Bradley testing was suspended during the time of our review pend-
ing approval of a new test plan, which we obtained only when our
review was nearly complete.

However, we did examine the methodological positions of the testers,
critics, and outside reviewers to derive general lessons to be learned for
the design and conduct of live fire tests. We reviewed and elaborated the
controversy over Bradley shot selection methodology, which we believe
has important implications for live fire testing in general. Several of the
armor test plans are being or will be revised in light of the Bradley
controversy.

External Comparisons

In order to provide a comparative context for methodological judgments
of current U.S. live fire test programs, we also examined past programs
and foreign programs. Past programs included the CARDE trials and the
GAU-8 tests on the armor side, and TEAS and live fire qualification test-
ing on the aircraft side. In each case we obtained and reviewed reports
and interviewed knowledgeable experts and, when possible, testers who
had been involved in the original tests. Foreign programs included activ-
ities in Israel and the U.K. (we found no evidence that other allies con-
duct live fire tests). We were not able within the time of our review to
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obtain documentation of foreign test programs or to interview officials
actually conducting tests. Qur understanding of these tests is based on
interviews with U, S, test officials and others who have knowledge of
the programs, and in one case. videotaped interviews with foreign
testers.

Models

Answering the third question of the request letter required that we
expand what was a minor issue for the JT&F work—the balance between
modeling and testing—into a major part of our review. In order to
assess claims about vulnerability modeling we focused on three ques-
tions about the vulnerability models that play a role in live fire tests: 1.
How well do the models currently predict vulnerability? 2. What role
will the models play in live fire tests? and 3. How will live fire tests be
used to validate or calibrate the models (one of the JLF objectives)?

During the course of reviewing the cases and the test plans, we assem-
bled information relevant to the role of vulnerability, lethality computer
models in live fire tests that have been conducted or proposed. We inter-
viewed vulnerability modelers at the Ballistics Research Laboratory
(BrL) and elsewhere to obtain their reaction to the model validation liter-
ature and to learn what procedures or decision rules they follow in
updating or revising their models in the light of live fire test data. We
were briefed by them about their general modeling procedures and
views of live fire testing and obtained documentation of the modeling
process and vulnerability methodology in general. We assessed the real-
ism of model assumptions and the quality of input data. but did not
attempt to evaluate the accuracy of the models’ computer code or the
physical theory supporting it.

We then reviewed the literature that attempts to assess the predictive
validity of vulnerability models with respect to test and combat data.
The goal of this review was to assess conflicting claims that were made
during the planning and implementation of JLF about the ability of mod-
els to predict live fire results. We were able to obtain the main studies
and analyses identified by both proponents and critics of modeling. It
was not possible in our time frame. though. to conduct a complete syn-
thesis of this literature.

Suggestions for
Improvement

One goal of the design outlined above is to move beyond judgments of
the quality of the few cases of live fire tests examined in the most detail,
and to isolate the distinctive problems of live fire testing as they emerge
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Organization of the

Report

W

from both the case st e e
Because the Joint Live Fire program as a whole is stlll at an ear ly stage
of implementation, and recent legislation has mandated live fire testing
of major new weapon systems, there is an important opportunity now
for any general lessons learned to be fed back into the live fire test
design and implementation process. We assembled suggestions made by
testers and experts we interviewed for resolving some of the difficulties
and added others that reflect accepted standards of applied research
practice. Our recommendations and suggestions are set forth in Chapter
B

The report is organized around the four evaluation questions noted
above, with one chapter devoted to each question:

Chapter 2 traces the development of the JLF program, and presents the
status of the systems and munitions originally scheduled for hive fire
testing.

Chapter 3 assesses the methodological quality of the test and evaluation
process to date, delineates key general issues in live fire testing, and
compares current U.S. efforts with past and foreign live fire testing
programs.

Chapter 4 reviews the advantages and limitations of full-up live fire
testing, and assesses the capability of other methods to complement live
fire tests, with particular attention to computerized models.

Chapter 5 identifies opportunities for technical and general improve-
ments in live fire testing.

Chapter 6 contains recommendations for the Secretary of Defense and
agency comments.
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Development of the
JLF Program

To understand the current status of specific live fire tests, it is first nec-
essary to review how the Joint Live Fire (JLF) program developed.

In the summer of 1983, the 0sp Director, Defense Testing and Evaluation
(DDT&E) nominated to the services a joint test and evaluation (JT&E)
initiative involving live fire of munitions against full-scale operational
targets. As with previous JT&E's, a joint test force would be established
1o plan and conduct the tests. The tests were to include ships as well as
aircraft and combat vehicles.

Service Response

According to a memo from the Principal Deputy Undersecretary of
Defense for Research and Engineering (USDRE) describing the services’
response to the proposal, the need for the program was “recognized by
all.” In fact, however, official responses from Joint Chiefs of Staff (Jcs)
and services do not confirm this:

The Marine Corps recommended against the nomination.

The Jcs, Army, and Navy recommended varying degrees of further
study before reconsidering the nomination.

The Air Force alone agreed to support the proposal pending resolution
of its concerns, one of which was participation by the other services.

General concerns were:

The work would duplicate ongoing efforts.

Necessary Soviet targets would not be available.

Financial responsibility for providing test assets was unclear.
Materiel costs would be high. with uncertain return.

The purpose and-or scope was unclear.

Additionally, the Jcs noted that there was no indication of how the test
tied in with joint operational requirements, how the data would be used,
and who would benefit from the results; they also questioned the need
for the test on the grounds that simulation in this area had been gener-
ally successful. The Navy stated that they constantly review ship design
considerations with respect to survivability and vulnerability, implying
that inclusion of ships in the test was unnecessary. The Marine Corps
cited concern with the manpower requirement of assigning one or more
officers to a joint test directorate.
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Eventually, all the services did agree to participate, on the following
conditions:

A joint test force would not be established. Instead, the program would
be planned and conducted by the Joint Technical Coordinating Groups
(JTCG's) for Aircraft Survivability (aircraft tests) and Munitions Effec-
tiveness (armor;anti-armor tests), two existing elements of the Joint
Logistics Command (JLC) with expertise in v L assessment.

Services would bear no financial responsibility for providing test assets.
Ships would be excluded.

The JTCG Tasking

The services were strongly against establishing a new joint test force.
The osD program manager agreed to the tasking of the JTCGs provided
DDT&E retained a level of control equivalent to that of any other joint
test. Reportedly, this was the first time DDT&E had directed a joint test
to an existing organization. This decision had both positive and negative
aspects. On the one hand, the core technical expertise was already in
place, and the test personnel had longstanding professional relation-
ships. thereby minimizing the “training” requirements and interservice
coordination problems characteristic of many joint tests. On the other
hand, the JTCGs had strongly held views about the objectives and meth-
odology of v L assessment which were frequently at odds with those of
the 0SD program manager.

While the aircraft JTCG was able to negotiate an acceptable compromise
strategy, the armor JTCG was not. This set the stage for much subse-
quent conflict and delay. In the view of at least one outside expert, task-
ing JLF to the JTCG's was a mistake because their attachment to their
vulnerability models made it difficult for them to plan and conduct
objective full-up tests.

Limited Service
Responsibility

A March, 1984, 0sp memo stated explicitly that "no unique service sup-
port will be required” for JLF. The interpretation of this by the JLF pro-
gram managers was that the services were under no obligation to
provide targets or related support. JLF's budget was to cover the cost of
replicas and munitions, but not costs of:

actual or surrogate armor and aircraft systems.
transport of actual or surrogate systems.
target restoration.

modification of vulnerability methodologies.
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As such, neither 08D nor the services were assigned responsibility for
these costs. In other words, no one was,

Exclusion of Ships

The Navy claimed that they had already conducted live fire tests in
1969 and 1970, with WW II hulks and Harpoon missiles. The 0sD pro-
gram manager did not believe those tests obviated the need for more
testing on ships, but told us he did not have sufficient time to work with
the ship community, in addition to the armor and aircraft communities,
to bring them on board by a spring, 1984, deadline. Consequently, ships
were excluded from the program.

Program Organization

Figure 2.1 is a JLF organization chart. Additionally. osp contracted with
the Institute for Defense Analyses (IDA) to monitor JLF and provide tech-
nical support. (pA issued their first report on JLF in March, 1986.

Current Status of

Tests

JLF and related live fire testing in oD has been marked by delays, inter-
ruptions, and removals of systems from the program. We describe the
status of tests separately for JLF: Armor and JLF: Aircraft.

JLF/Armor

There have been substantial delays and changes in the JLF. Armor sched-
ule. Table 2.1 shows the schedule as of January, 1985, and the revised
schedule as of October, 1986.

Page 26 GAQO.: PEMD-87-17 Evaluating Live Fire Testing Programs



Chapter 2

What Is the Status of Each System and
Munition Originally Scheduled for Live
Fire Testing?

Figure 2.1: JLF Organization Chart
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Table 2.1: Initial Schedule, Revised Schedule, and Reported Reasons for Changes, for JLF/Armor

Initial reporting date Revised reporting

Test (1/85) date Reported reasons for changes

[matenal deleted] 4QFY85 2QF YS90 Target unavaillable test design controversy
[matenal deleted] 2QF Y87 4QF Y90 Split into 4 series by munition type

U.3. M113 APC 4QFY86 a Removed by Army

U.5. MB0 Tank 4QFY86 4QF Y90 Test design controversy

[materiai deleted] 3QFY86 B 4QF Y89 Test design controversy

U.S. M1 Tank 2QFY88 é Removed by Army test design controversy
U.S. M1E1 Tank 2QFY89 B Removed by Army: test design controversy
[matenal deleted] 4QFY88 b Unanticipated expense of hve fire tests
[_r;atenal deleted] 1QFY8E a Target unavailable

[maternal deleted] B 2QFY89 o Unanticipated expense of live fire tests
[material deleted] 2QFY89 4QFY90 Target unavailable, test design controversy B
[material deleted] ~ 4QFY89 4QFY90 Target unavailable: test design controversy
U S. LVTP-7 Amphipious Assault Vehicle 4QF Y39 4QFY89 n/a

U 3 LAV Light Armored Vehicle 4QF Y89 3QFY89 Removal of other tests

Schedule Changes

#Not ver scheduled

UDropped from program; will nct be tested
Sources JLF ‘Armaor January 1935 Flan: JLF,Armer October 1986 Draft Revised Plan Interviews with
lest officals

FY 86 was to have been the second year of JLF, the first for a full sched-
ule of tests after modest beginnings in FY85. In fact, no shots were fired
at armored vehicles in FY86 within JLF.

No detailed test plans were approved by 05D during FYS86.

The Army removed some systems from JLF in order to conduct the tests
themselves, and others have been dropped altogether.

The tvpe of tests (see Table 1.1) proposed has changed repeatedly, from
inert tests including surrogates for threat vehicles. to exclusively full-up
tests, and back. as conflicts between JTCG ME and 0sp over testing philos-
ophy caused delays and uneasy compromises, and as direction from 0sD
changed with changes in personnel.

Soviet target vehicles originally thought to be among the easiest to
obtain were not obtained in time to meet the original schedule.

The Army Chief of Staff suspended the Bradley testing in April, 1986: it
was not resumed until October.

Testing of the M1 tank was put on hold. awaiting completion of the
Bradley tests, so as to reflect changes in the Bradley test methods.
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Reasons for Delays

The current JLF schedule is much reduced from the one proposed as
recently as January 1985. Only six distinct vehicles of the twelve origi-
nally scheduled will be tested within JLF before the scheduled end of the
program in FY 90, and although a number of munitions have been
added, the total number of munition types to be tested has been reduced.

When JLF was initiated in 1984, the Bradley vehicle. the M1 Abrams
tank. and the M113 armored personnel carrier were part of the program.
Initial JLF; Armor efforts were focused on planning the Bradley tests.
Shortly thereafter, however, the Bradley was removed from .ILF, by
agreement between the Army and 0sSD. The reasons given were that the
Army could test the Bradley earlier than the JLF program could and on a
larger scale. The Army could also provide target vehicles. Subsequently,
the Army also pulled the M1 and M1EL (now M1A1) versions of the
Abrams tank, as well as the M113, out of the program, giving the same
reasons. The JLF/Armor program manager predicted that the Army will
eventually pull out the MG60OAS tank as well. 0sD retained oversight
responsibility for these tests.

Tests conducted by the Army on the Bradley have included comparison
tests between the M113 and [material deleted] vehicle, but these were
not the full test series contemplated by the original JLF planners. The
only test series completed within JLF was primarily a training exercise
for damage assessors conducted in September of 1985 on a single train-
ing version of the M-48 tank and a previously tested [material deleted]
hulk. This test does not appear in any JLF schedules and is not men-
tioned in the draft of the revised plan. The first of the originally sched-
uled JLF/Armor tests began in January, 1987.

We have identified three reasons for the delays in the JLF: Armor testing,.

1) Controversy over testing methodology. The Bradley tests were to
serve as a methodological model for JLF/Armor tests. When questions
were raised by the former 0sp JLF program manager about the Army’s
Phase I Bradley live fire results reported to Congress in December 1985
and the conduct of Phase II Bradley tests in the Spring of 1986, the
Army stopped all testing on the Bradley. 05D and the Army at first
appeared to reach a compromise on methods for selecting shots and test
conditions, but in May of 1986 directed that two independent panels of
experts provide guidance to the Army on methodology for live fire test-
ing. While the Army waited for the recommendations of the advisory
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panels, which were to be incorporated in the revised Phase Il test plan,
no shots were fired.

The M1:M1Al tank test plan was frozen in draft form. to be revised to
reflect changes in the Bradley test methods. Similarly, plans for testing
the [material deleted] were suspended pending resolution of disagree-
ments between 05D and JTCG ME.

2) Unanticipated problems in obtaining targets. A major cooperative
arrangement with a foreign nation was to have been completed during
the first months of JLF. The JLF schedule had depended on this agree-
ment to provide a large number of [material deleted] for testing in JLF.
When the agreement collapsed the 08D Program manager sought to
locate replacements, without immediate success.

The test conducted on the M-48 tank and single [material deleted] hulk in
the Fall of 1985 was a stop-gap measure. It exploited targets that were
available, though not the ones originally scheduled for JLF testing.

3) Funding cuts. In addition, FY 86 funds were delayed and reduced by
20 percent by 0sp as of March 86.

JLF/Aircraft

Unlike JLFArmor, JLF; Aircraft has planned and implemented their test
program without major interruption, vet not without delays. Table 2.2
shows the initially scheduled reporting date, the revised reporting date,
and the reasons for slippage, tor all FY85 and FY86 tests.
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|
Table 2.2: Initial Reporting Date, Revised Reparting Date, and Reported Reasons for Changes, for JLF/Aircraft FY85 and FY86
Tests

Initial reporting Revised reporting

Iesi - date (10/84)7 ~_date Reported reasons for change

F-15/16 Engine Steady State Fuel 6:85 1,867 Data reduction facility overloaded hardware modification
Ingestion required

UKH-60 Tailbcom Hydraulic System 8/85 4,87 Hydraulc tubing unavaillable; testing and reporting

rescurces diverted to non-JLF test, reporting lime
underastimated

F-15/16 Hydraulic Fluds 2/86 5/87 o AF requested trade-in of arflow engines replacements
were missing parts; 2 fluids added. facility fira

F-15/16 Engine Quick Dump Fuel 4/86 4/87 Test required invention of new injection device AF

Ingestion requested capacity increase. tesl personnei diverted to
non-JLF test, reporting time underestimated

F;/A-18 Engine Rotating Core 5,86 12,87 Non-operational engine unavailable, test deferred

UH-60 Main Rotor Blade 7/86 6/87 Reporting time underestimater ) i

UH-60 Engine Controlled Damage 8/86 4,87 1st attempt to create hydraulic load unsuccesstul,

subsequent use of a load abisorbing pump delayed by
design problems; reporting tirne underestimated

UH-60 Main Rotor Flight Controls 9/86 5,87 Prototype servos discovered to be inadequate; naw
servos arrived disassembled with parts missing; complete
set of fhight controls still unavailable

F-16 Emergency Power System 9,86 k ' 7,87 Facility fire

Hydrazine Tan

Av-8B Flight Controls Mechanical 11/86 s 5/87 Aircraft arrived 6,86, support equipment arrived 10,86

Component test personnel diverted to non-JLF test. reporting time
underestimated _ . L

AV-8B Flight Controls Reactive Control 12/86 5,87 Aircraft arnved 6,86, support equipment arrived 10,86,

System lest personnel diverted to non-JLF test reporting time
underestimated ] i ~

UH-60 Engine Compartment Fires 3/88 9/88 Moved to FY87 due to unavailablity of engine

compartments fuselage. and fught deck

*The report was reviewed and revised for an additional 6§ months before reaching final torm Thig was
attributed to additional coordination required tecause a Nav, test agency had testad an Arr Farce
engine The additional coorcination bme was not considered in theg inibial planning

Sources JLF Arrcraft October, 1984 Masier Plan JLF ‘Arrcraft F Y86 Detailed Test Flans inlersiews with
test otficials

Schedule Changes FY85 and FY86 testing was initially scheduled to result in 9 reports by
the end of FY86: however, only 1 was completed and it only in draft
form. If the revised schedule is met, the average delay will have been
almost 11 months.

Reasons for Delay The principal delaying factor has been lack of test targets. Some other
factors, such as diversion of test personnel and facilities, are in part sec-
ondary effects of the lack of targets; the personnel and facilities are re-
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allocated to other tests, and may not be immediately available when the
awaited test targets finally arrive. JLF/Aircraft test officials anticipate
further delays in FY87 testing and beyond for the same reasons. An
FY87 funding cut of 33 percent and anticipated Gramm-Rudman-Hol-
lings cuts are also expected to cause delays in FY87-FY90 testing. Sev-
eral test reports are behind schedule because the time required for
report writing was underestimated.

Differential Progress of
JLF/Armor and JLF/
Aircraft

As is evident from the above discussion, JLF/Armor has had considera-
bly more difficulty implementing their program than JLF/Aircraft:

The JLF/Aircraft plan was approved by the former 0sD Program mana-
ger in 1984. A 1984 JLF/Armor plan was rejected.

A revised JLF/Armor plan, produced in January, 1985, was approved by
0SD but approval was later rescinded.

A new revised plan was tentatively approved in Nov., 1986 by the cur-
rent 0sD program manager pending revisions, but final approval had not
been obtained as of March, 1987.

According to a memo from the Principal Deputy USDRE, the original
armor plan was inconsistent with the objectives of JLF. The primary
objection was that major contributors to armored vehicle vulnerabil-
ity—specifically fuel, ammunition, and hydraulic fluid—were not pre-
sent in the majority of tests. Instead. the plan emphasized tests on inert
targets to “characterize” warheads and assess behind armor effects, so
as to perform final vulnerability assessments by computer modeling.

By contrast. the aircraft plan was described as responsive to the pro-
gram objectives, because its planned replica and component tests
included fuel, ammunition, and hydraulic fluid, to be followed by **suffi-
cient” full-up, full-scale aircraft tests to validate component and replica
results.

A January, 1985 revision of the JLF/Armor plan was approved by 0SD.
This plan was in effect for over a year, after which the incoming DUS-
DRE(T&E) (formerly, DDT&E) required another revision, at the urging of
the former 0sb program manager. He also required a revision of the
[material deleted], the one JLF/Armor test for which a formal plan had
been completed. Meanwhile, JLF/ Aircraft has proceeded, essentially
implementing their original 1984 proposal.
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Conclusions

The JiLF/Armor program manager told us he was ““dictated to almost
daily™ by the former 0SD program manager, while JLF/Aircraft was left
alone. In his view, their initial proposals were essentially no different:

Both had similar phasing logic, with a controlled progression up to full-
scale firings.

Both emphasized component, or “"off-line" tests.

Both relied on replicas and surrogates.

In fact, both armor and aircraft officials had serious differences of opin-
ion with the former 0sD program manager as JLF was being planned.
According to JLF/Aircraft officials, he had initially wanted to forego the
component, replica, and surrogate testing and concentrate on full-up,
full-scale targets from the start. They report persuading him that this
would not be feasible from a cost and availability standpoint. and that
little would he learned by destroying aircraft without first studying the
components. However, this is essentially the same argument made—
unsuccessfully—by JLF/ Armor officials.

The former 0SD program manager admitted he had been harder on JLF/
Armor but with justification. Essentially, he trusted .JLF/Aircraft and
did not trust JLF/ Armor. His reasons were:

JLF: Aircraft’s proposal focused on fire and explosions; JLF; Armor’s did
not.

JLF/Aircraft component tests were primarily full-up: JLF/Armor’s were
not.

JLF/Armor’s program logic was dominated by models; JLF/Aircraft’s was
not.

JLF/Aircraft had a track record with TEAS; JLF/ Armor did not.

As a result, JLF/Aircraft was able to negotiate an acceptable approach
with the former 0sD program manager while JLF/Armor was not. The
consequences are apparent in the differential progress made by the two
components. The mistrust probiem appears to have been solved by
replacing the 0sD program manager, but the differential progress
persists.

In this chapter, we addressed the evaluation question, *What is the sta-
tus of each system and munition originally scheduled for live fire test-
ing?” Our conclusions follow.,
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Development of JLF

The services’ original response to the proposal for JLF was
unenthusiastic.

The arrangement worked out by osp for conducting JLF with the JTCGs
avoided some problems characteristic of joint tests, but also contributed
to dissension over the objectives of JLF and led to many implementation
difficulties.

The arrangement did not adequately designate budgetary responsibili-
ties. The services were not responsible for supplying targets or related
support, nor were these covered under JLF's budget.

Current Status of Tests

JLF;/Armor

JLF/Aircraft

Differential Progress of JLF/
Armor and JLF/Aircraft

There have been major slippages in the JLF; Armor test schedule.

Of the Army’s four vehicle types initially in JLF, three have been
removed (Bradley vehicle, M1/M1A1 tanks, and M113 Apc). Only the
M60A3 tank remains, and it too may be pulled out.

The Army’s Bradley testing resumed in October, 1986, after a six-month
suspension.

Prolonged controversy between 0sD and the armor testers over the pur-
poses of JLF and appropriate methods for conducting and analyzing tests
has pushed back the overall JLF/armor schedule. The first of the origi-
nally scheduled JLF/Armor tests began in January, 1987, almost two
yvears behind schedule.

JLF/armor has been hampered by greater difficulty than was anticipated
in acquiring target vehicles, especially [material deleted].

Even with no further schedule slippages or problems in obtaining
targets, only half (six of twelve) of the originally scheduled armor;anti-
armor tests would be completed during the term of JLF.

In contrast to JLF;Armor. JLF,/Aircraft has planned and implemented
their program without major conflict or interruption.

The schedule has been delayed. but less severely than JLF, Armor.
Target availability has been the principal problem.

JLF.Aircraft’s initial proposals (high emphasis on fire and explosion and
full-up shots, low emphasis on computerized v L. modeling) were compat-
ible with 0sSD’s interpretation of JLF program objectives, while JLF/
Armor’s proposals (low emphasis on fire and explosion and full-up
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General

shots, high emphasis on modeling) were not. The differences between
0sD and JLF/ Armor were fundamental and never satisfactorily resolved,
contributing to a relationship of mutual mistrust between JTCG ME offi-
cials and the former 0SD program manager. The mistrust problem
appears to have been solved by replacing the 0sD program manager, but
the disparity in progress between the two components in implementing
their programs has continued.

Target availability is expected to remain a problem for both JLF/Armor
and JLF/ Aircraft. Recent live fire legislation requires the services to pro-
vide targets for testing new systems, but this has no impact on the
fielded systems in JLF.

Both JLF/Armor and JLF/Aircraft have suffered budget cuts from 0SD.
These ranged from 20 percent to 33 percent.
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In this chapter, we review the overall JLF planning and the few detailed
test plans (DTPs) and draft reports that exist. Because JLF is in an early
stage, we could make only a limited assessment of the methodological
quality and realism of tests at this time. We realize that testing to date
may not be representative of subsequent testing; our emphasis is on
identifying methodological issues of potential concern for the remainder
of JLF and for future live fire testing programs.

The reasons that limited information is available for assessing JLF test
quality are as follows:

For JLF/Armor,

« None of the originally scheduled JLF/Armor tests have yet been com-
pleted within the formal JLF structure. The only armor tests completed
within JLF are: 1) an unscheduled training exercise and methodological
demonstration, in which four shots were fired at an old U.S. M-48 tank
and three at a [material deleted] hulk; and 2) a series of 10 shots fired
against the [material deleted] vehicle. The [material deleted] shots were
intended only for comparison with the full-up Phase I Bradley shots con-
ducted by the Army. They were not the complete series of tests listed in
the initial JLF schedule.

« The detailed plans and JLF reports for these tests exist only in prelimi-
nary draft form.

« The only completed pTP for a JLF/Armor test in the initial schedule was
for the [material deleted]. This plan exists only in several draft versions
that had not been given final acceptance by 0SD during our review.

« Adraft pTp for the M1 Abrams tank was written, but is being revised to
reflect the approach taken in the Bradley Phase II plan.

For Jurs Aircraft,

« No full-up full-scale testing is scheduled before FY1988. Consequently,
no full-up testing was conducted during our time frame. Since JLF; Air-
craft does not publish a DTP prior to the fiscal year in which the test will
be conducted, pTPs for full-up tests were also unavailable.

« Though FY85 and FY86 testing has proceeded. only one draft report was
produced as of December, 1986. Consequently, we have only limited
knowledge—primarily from discussions with test offici
mentation, analyses, and results.

After discussing the overall program objectives covering both compo-
nents of the program, we review JLF/Armor and JLF;Aircraft separately
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Program Objectives

These sections are followed by a more in-depth discussion of the key
general issues identified during our evaluation, and comparisons with
past and foreign live fire testing programs.

The objectives of JLF and live fire testing in general have not been con-
sistently stated by all the involved participants. (We discuss this in
detail later in the chapter). At the working level, however. the JTCG's
for JLFsArmor and JLF/Aircraft attempted to unify the program by spec-
ifying a common set of objectives. These were to:

1) Gather empirical data on the vulnerability of U.S. systems to [mate-
rial deleted] weapons and the lethality of U.S. systems against [material
delered] targets.

2) Develop insights into design changes necessary to reduce vulnerabili-
ties and increase lethalities.

3) Enhance the data base available for battle damage assessment and
repair.

4) Use test data and results to validate (calibrate) lethality and vulnera-
bility models.

The only differences between .ILF: Armor and JLF/Aircraft were:

In objective 4, “validate” was used by JLF; Aircraft while “calibrate™
was used by JLF/Armor. We attach no particular significance to this dif-
ference because the terms appear to be used interchangeably in the v L
community

The objectives were described as in order of priority by JLF: Aircraft: no
priority was assigned to them by JLF, Armor.

For our purposes, the first three objectives are not stated in an evalu-
able way. "Gather empirical data” on vulnerability and lethality,
“Develop insights™ into design changes, and “Enhance the data base”
for battle damage assessment and repair, will all be accomplished
regardless of the methodological quality, realism, cost-effectiveness. or
usefulness of the program. There are no specified comparisons to be
made or criteria to be met, only a statement that the state of knowledge
on the vulnerability or lethality of weapon systems will somehow be
improved. In contrast, the fourth objective—~validate (or calibrate)

Page 37 GAO. PEMD-87-17 Evaluating Live Fire Testing Programs



Chapter 3
What Has Been the Methodelogical Quality of
the Test and Evaluation Process?

JLF/Armor

lethality and vulnerability models—has at least an implied criterion to
be met (validation by test data).

JTCG Objective 3 exploits a side benefit of live fire testing in that dam-
aged systems are produced as a byv-product of the testing process. While
battle damage assessment and repair is clearly an important function
for DoD, it is outside our main evaluation focus, which is the methodolog-
ical quality of the test and evaluation process. Therefore, we do not
address Objective 3 in this review.

For JLF; Armor, we address overall planning. setting test objectives, test
planning, implementation, and analysis and reporting. Our review
included any planning and related information on all proposed tests, as
well as all available reports on completed tests. Table 3.1 identifies the
individual tests we reviewed and Table 3.2 identifies the principal docu-
ments we used. Individual tests are treated in more detail in Appendix
II.
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Table 3.1: Live Fire Tests Individually Reviewed

Test

[material deleted] (March 1986 Flan)

U S. M-48 Tank

[material deleted]

U.Sﬁédley vehicle
Phase |

Ugﬁﬁy Vehicle
Phase il

Aircraft B
U.S. F-15/F16 Engine
Steady-Slate Fuel ingestion

Munitions

Status

AT-4 Antitank Weapon {12)?
LAW Light Antitank Weagpon (12)
TOW It Missile (14)

Basic TOW (€)

BLU-97 Bomblet i 10)

M42 Grenade (9)

M7 18 Mine (8)

M833 105mm: Projectile (12)
M392 105mm (4)

of Soviet 115mm projectile) (4)
TOW Nissiles (3)

LAWS (6)
120 mm HEAT (1)

Plan not approved by OSD

prepared

Testing completad- preliminary draft rebort
prepared -

[matenal deleted]
TOW Missiles (14)
120mm HEAT (2)
Rockeye Bamblets(7)
M718 Mine (6)

30mm (UK) (5)

32 HEAT (15)

Testing completed by army, reported to
Congress

[material deleted]
TOW?Z Missiles (7)
TOW (2)

30mm (UK) (8)
120mm HEAT (4)
Mine (1)

Testing interrupted: resumed after
preparation of detalled test plan

Testing Zoimgle?di Er;ﬂirépioaepared

Yy = Number ¢t shots aith each murnition t, pe
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Table 3.2: Main Documents Used in
Reviewing the Quality of Live Fire Tests

Program component

Documents

Gverall JLF Program

JLF Charter, March 27, 1984
IDA March 1986 JLF Report

JLF Armor -

January 1985 Plan
October 1986 Revised Plan (Draft)

JLFAucralft

February 1964 Preliminary Plan
Cctober 1984 Master Flan
FY86 Detailled Test Plans

[material dTaIered] -

Detaiied lest pian {in January 1985 JLF/Armor Test Pian)
March 1986 Detailled Test Plan

Outline Test Plan (in October 1986 Revised JLF/Armor Plan)
IDA March 1986 JLF Report

US M-48 Training Test

Detailed Test Plan
Preliminary Draft JLF Report
IDA March 1986 JLF Report

[mate?lal deleted]

Detailled Test Plan
Preliminary Draft JLF Report
Bradley Phase | December 1985 BRL Report

us Bradley Fighting vehicle
Phase | Test

December 1985 BRL Report

OSD Program Manager's December 1985 Report to
Congress

GAC Report of March 1986

HASC Staff Report

BAST June 1985 Repart

U'S Bradiey Fighting Vehicle
Phase Il Test

BAST Gelober 1986 Report
Ocrober 1986 Detalled Test FPlan

US F-15/F-16 Engine
Steady-State Fuel Ingestion
Test

Detailed Test Plan o

Overall Planning

The first JLF: Armor plan (submitted in 1934) was rejected by 0sD.

According to a memo from the Principal Deputy USDRE, it was inconsis-
tent with the objectives of JLF, The primary objection was that major
contributors to armored vehicle vulnerability—specifically fuel, ammu-
nition, and hydraulic fluid—were not present in the majority of tests.
Instead, the plan emphasized tests on inert targets to “characterize war-
heads and assess behind-armor effects,” so as to perform final vulnera-
bility assessments by computer modeling.

The second plan. published in January, 1985, was accepted by 0sD. This
plan focused more on vehicle tests, with only occasional indications that
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warhead characterization and behind-armor effects tests would also
have to be conducted (the one DTP contained in the plan did not propose
any such tests). There were to be twelve series of tests, organized
around eleven distinct armored vehicles, [material deleted] (In addition,
[material deleted] were to serve as surrogates for [material deleted].)
Thirty-six different munition types were proposed for testing. It was
estimated that there would be between 1,370 and 1.870 total shots fired
in the program. In addition to the four formaliy stated .JLF objectives, the
early tests were also to result in new damage criteria and an updated
version of the Standard Damage Assessment List (SDAL) used to quantify
observed damage to armored vehicles. The plan contained the first ver-
sion of a DTP for the [material deleted], which was to be the first JLF/
Armor test.

An October 1986 draft revision of the JLF/Armor plan retreats from the
position that JLF will accomplish all four JLF objectives.! Acknowledging
that the varied needs of the users of live fire test data prevent any one
test series from fully addressing all concerns, it proposes that the JLF/
Armor tests therefore focus on the empirical representation of the
lethality and vulnerability of U.S. weapons (Objective 1). It includes out-
line test plans organized around Soviet and U.S. armored vehicles. These
specify the number of each type of vehicle and munition required. and
the approximate time span required for planning, implementing, analyz-
ing, and reporting each test. Actual shotlines—that is, the projected
path of each shot—are not specified, but the plan indicates that each
test will employ a mixture of systematically selected and randomly
selected shots. There are descriptions of test setups and instrumentation
and discussions of the uses to be made of the data.

The October 1986 draft plan acknowledges that experimental validation
of sophisticated vulnerability models would be prohibitively expensive,
and will not be accomplished by JLF "in a rigorous mathematical or sta-

tistical sense.” Instead, the test data will be used to increase confidence

In models or to suggest improvements in them.

In important respects, the October 1986 draft revised JLF: Armor plan
resembles the first plan produced by ITCG ME for JLF in 1984, which had
been rejected by 0sD. Specifically:

LAs of March 1087, this plan had still not been accepted by the OSD program manager. He cited two
reasons: lack ot an evaluation plan and inadequate procedures for assessing crew effects 1le cited no
disagreement with the general direction of the plan
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Selection of Vehicles

Selection of Munitions

Approximately two-thirds of the shots will be "warhead characteriza-
tion™ or “behind-armor debris’ studies involving the interaction of
munitions with armor plate targets rather than shots at vehicles.

Target condition is mostly inert or semi-inert; only one-third of the shots
will be on vehicles, and only 20 percent of these will be full-up; in 80
percent of the shots the vehicles will be loaded with dummy major-cali-
ber ammunition or without fuel in their tanks.

The draft plan is also more similar than the earlier plan to the .JLF; Air-
craft DTPs in its use of components and replicas, e.g., a test of a "*fuel cell
in a steel box, the equivalent of a surrogate vehicle.”

Two additional topics fall under overall planning rather than individual
test planning: selection of target vehicles and selection of munitions for
inclusion in .ILF testing.

The January, 1985, plan states that the selection of armored vehicles to
be tested, while subjective, was based on military value, critical data
deficiencies, target cost, test cost. and the projected worth of the data.
Without more detail about the process, it is not possible to assess the
strengths or limitations of vehicle selection. The plan acknowledged that
availability of equipment might prove to be the limiting factor in imple-
menting the tests. The October 1986 draft revised plan contains no over-
all rationale for the selection of vehicles, but each of the outline test
plans discusses the interest in the particular target vehicle that is to be
tested. Some problems with target availability are still anticipated.
QOverall, only 6 of the 30 vehicles that will be required for the tests out-
lined in the plan were on hand as of October, 1986.

The January 1985 JLF/ Armor plan states that the anti-armor munitions
selected were as exhaustive a list as time and money would allow. They
were required to be in the current inventory and to have been designed
with the objective of defeating armor. The plan included a matrix which
displayed the munitions proposed for testing versus the target vehicles
in the program. The range of munitions chosen appears to be realistic.

The draft revised plan of October, 1986, introduces a criterion for
excluding munitions such as the Hellfire missile (originally included)
because they are large “overmatches™ for currently fielded armored
vehicles. It also excludes obvious “undermatches™. which would have
little chance of producing significant damage to a particular vehicle. The
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stated rationale is that testing a munition that cannot be prevented from
penetrating or will clearly not penetrate a vehicle is a waste of scarce
and costly resources. We were told that more detail on the rationale for
including particular munitions would require plans to be classified.

Setting Test Objectives

The outline test plans in the October 1986 draft revision of the JLF-
Armor plan each list several of the overall ILF objectives as major test
objectives. Each test outline lists a specific objective as well. Some of
these may be infeasible goals for the tests as described. For example:
one test proposes to determine the likelihood that an uncontrollable fire
will result from penetration into the diesel fuel stowage cells of armored
vehicles. But only one vehicle with replaceable fuel cells and armor
panels will be tested. Although the setup may produce reliable results
for the particular configuration tested, the generalizability of the results
to other armored vehicles is questionable. The objectives of the Bradley
Phase II plan are more specific.

The JLF/ Armor outline test plans are primarily focused on the objective
of quantifying the vulnerability of armored vehicles and the lethality of
anti-armor munitions (that is. JTCG Objective 1). They propose to
accomplish this by using the results of numerous “off-line,” or subscale
tests of armor-warhead interaction, behind-armor debris, and compo-
nent tests as input to computerized vulnerability models. Concern about
target availability and loss of information in catastrophic events has led
planners to propose that only 20 percent of the shots on vehicles involve
full-up targets. With respect to model validation (JTCG Objective 4). the
results of the tests will be used informally to improve or update models,
but the plan acknowledges that statistically rigorous model validation
will not be pursued in JLF/Armor because it is not economically feasible.

The objective of developing design insights for vulnerability reduction
and lethality improvement (JTCG Objective 2) is not addressed by the
plans in the most direct way possible: There were no plans in JLF as of
December 1986 for comparative tests of proposed vulnerability fixes on
full-scale U.S. systems, like the Army’s Bradley Phase Il tests. There are
plans, though, to conduct comparative tests of the effects of radiation
liners and applique armors on the vulnerability of [material deleted} and
of the applique armor to be added to the M60A3. Because only fielded
anti-armor munitions will be tested in JLF, the use of the tests for the
improvement of lethality is toward future munitions.
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Rather than directly reflecting the JTCG statement of program objec-
tives, draft versions of other plans contained objectives that reflect
methodological questions whose answers could aid in the design or con-
duct of live fire tests:

One version of the [material deleted] plan proposed to test the differ-
ences between static firings (munitions fixed to the target) and dynamic
firings (munitions fired from a distance) of shaped charges.

The M-48 test was intended to train damage assessors.

Inert M-48 shots were compared to full-up shots on a [material deleted]
hulk and these were treated as a methodological comparison.

A main objective of one test conducted, that of training damage asses-
sors during the M-48 test, was unrealistic in the time available. The brief
course conducted at the test site did not succeed in training the damage
assessment teams to fill out forms with acceptable accuracy or consis-
tency across assessors. The training consisted of only a few classroom
sessions supplemented by discussions with an instructor between the
shots. One tester suggested that a full yvear’s experience might be neces-
sary to produce an acceptabie level of competence in damage
assessment.

Test Planning

Design Efficiency

Test designs in the outline plans are generally congruent with test objec-
tives. Newer plans such as the Bradley Phase Il place more emphasis on
estimation of casualties and the effects of fire and explosion than previ-
ous Bradley or JLF/Armor plans.

The outline plans in the October 1986 draft revision of the JLF, Armor
plan are more realistic in providing lead time for the acquisition of
targets. However, some have still specified targets that may not become
available. For example, the planned test of the Marine Corps’ Light
Armored Vehicle (LAV) is designed to require a minimum of two proto-
types and a ballistic hull. but only one vehicle has been obtained, and
the JLF/ Armor program manager described the prospect of obtaining
others as "dim.”

Tests are designed to be efficient with respect to conservation of target
resources. For example:

Inert testing of vehicles will precede full-up testing.
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Shot Selection

Effocts on volatile components will be determined prior to placing those
components in vehicles,
Shots will be sequenced to stave off catastrophic damage.

The newer plans pay considerable attention to target preservation and
the sequence of shots, because target availability has been such a persis-
tent problem.

Shot seleetion has been a point of controversy in the planning ot gLy
Armor tests as well as in the Army’s Bradley tests. The concern was
that judgmental selection of shots could bias the results, directing a dis-
proportionate number of shots at less vulnerable arcas, and thereby
make the vehicle appear less vulnerable than it actually was, Earlier
dratt Ly plans also relied on judgment for the selection of shots. The
March 1986 [materiat deleted] e, for example, proposed the selection
of shotlines with azimuths at 30 degree intervals around the vehiele and
impact points based on engineering judgments about particular compo-
nents. We found no evidence of intentional bias in this proposal. For
example:

In the March 1986 [material deleted] 0Tr, no shots with the LAW or AT-4
light infantry antiarmor weapons were planned to impact the lower
frontal glacis plate or the front of the turret because previous tests indi-
cated that an infantryman would have little or no chance of kilhing the
[material deleted] with shots in these locations. Firing most test shots at
the more viulnerable sides ot the tank would constitute bias only if the
results were generalized to the vulnerability of the tank as a whole, and
the October 1986 draft plan clearly indicates that any randomly selected
shots not fired because their effects are claimed to be known will none-
theless be incorporated into the analysis. Shots of certain munitions into
main gun ammunition, for cxample, will not be fired, but still scored as
catastrophic Kills.

The newer plans, including the outline plans in the October 1986 draft
plan, incorporate some of the changes introduced by the Bradley
CONLrOVeTsy:

The use of a method of random shot selection from combat distribu-
tions—that is, data showing where vehicles were hit in combat—ipro-
posed by the Board on Army Science and Technology (BasT). This is a
change from the judgmental shot selection proposed in some earlier
drafts of pips. It will improve the combat representativencess of the shot
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Omitted Information

selections and reduce the opportunity tfor biases to enter the shot selec-
tion process.

There are proposals to combine center-of-mass aimpoints with dynamic
firings from combat realistic ranges. The resulting dispersion of tmpact
points is expected to resemble combat distributions, but this is open to
question,

[Towever, the Bradley Phase II plan misstates the position of the pasr
report on shot seteetion methodology as recommending the munimum
number of shots required per munition tvpe to establish with reasonable
confidence that observed vulnerability differences between specified
test targets are true ditferences. In fact nast explicitly stated that the
number of live fire shots required for reliable vulnerability assessment
is an open question, and their selection of 20 shots was dictated by the
osh request, not by statistical considerations.” In addition, the plan
states that Bast selected the specific shotlines to be used in the test, but
the BasT report and its cover letter make it clear that BAST was only
suggesting an interim method for selecting shotlines. BasT specifically
stated that the shotlines appended to their report were the results of a
“trial use” of the method, and did not constitute recommendations as to
which shotlines should be used for the Bradley. They stated that the
responsibility for choosing shotlines was the Army’'s. The Bradley Phase
II plan stated that the BasT selections sufficed for the Army’s goals, and
the 20 Bast shots were therefore adopted without modification.

The 1986 draft outline test plans omit some important information. such
as the rationale for specific shotlines. [HHowever, more complete DTPs are
to be produced prior to each test. It remains to be scen whether the Ly
Ures, when written, will adequately address these topics. An earlier
draft pre for the [material deleted] did contain detailed rationales for
shothne selection based on engineering judgment.

The Army’'s Phase I Bradley plan is the most detailed and thoroughly
specitied of the live fire test plans we have reviewed. It omits little
information about test provedures that could be required of a vre. Its six
volumes includes:

detailed descriptions of the procedures to be followed in all the subtests,
predictions generated by vulnerability models for all proposed impacts,

“OND B stated that 3 shots were avinlable, BAST felr that 20 shots, disteitbured over fonr mani-
fons, would be “nore representatine
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o detailed diagrams of the vehicle configuration and stowage plans and

idetailed evaluation or analysis plan.

It removes test implementation decisions from the informal judgments
ot testers. specityving contingency plans for departures from planned
procedures during the tests, and requiring that they he approved by osb.

The statistical validity of live fire resualts has been problematic from the
beginning ol aLr. Recent plans are more explicit about the extent ol the
problem and contain al least some attempts to cope with it For example,

The January 1985 001 Armor plan argues that costs and other con-
straints on the testing of complex tull-scale systems would prohibit the
collection of data sufficient to produce stable, reliable estimates of kill
probabilities directly from live fire data. The sample sizes would be (oo
small. This is the rationale for using live tre resules to cahibrate models,
instead, and then to use the models (o produce estimates ot overall kill
probability. There is, however, no discussion of the sample sizes that
would be required to validate or calibrate v Lomodels in the January
1985 plan.

The October 1986 plan acknowledges the impossibility of experimens-
tally vahdating madels in a rigorous statistical sense with the numbers
ot shots possible inlive fire tests.

The Bradley Phase I plan spectfies a statistical analysis of marched
shots on two versions of the vehicle, even though its appropriateness is
questionable.

The dLF Armor tests have encountered difficulties i implementation
resulting from disagreements over test design and target avatlability
Four tests were originally scheduled For completion by the end of FY 6.
Two tests were completed, but these were not among those originaly
scheduled, and they were made possible by the existence of the Army's
Bradley testing program and by using available but less-than-realistic
Largets.

Not all departures from test plans were justified in the draft test
reports. For example, TLS, surrogates were substituted for the actual
Soviet munitions that were to be loaded into the fmatenal deleted] tor
the shots comparing its vulnerability with the Bradiey’s. Becanse the
surrogate munitions may react more violently than the actual Soviet

munitions the comparison may be misleadimg, although test officials
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argue : that ::7 one of ::. ten comparison shots could have been
strongly aftfected by the differences.

In <o, the implementation problems of Jik Armor have been very seri-
ous, sumee of the twelve tests originally scheduled, none has been ¢on-
ducted within g

Analys

s and mm_:: ting

The air reports on the [material deleted] and M-48 were still prehminary
drafts as ol December. 1986, although a summary report of the [material
deleted] results was included i the Army’'s Bradley Phase 1 report that
was sent to Congress in December, TO8K, The a1 drafts cach consist of
few pages of rough copy and more than a hundred pages of raw data in
the form of photographs of damage and damage assessment forms. Bil.
personnel assigned P, s to the four M-48 shots, but the results were not
analyzed further. It is not possible to assess the way JLE data will be
analyzed and reported on the basis of these preliminary drafts. We note
that the results for the first two tests were still in this preliminary form
more than one yvear after the tests were completed.

Although the dratt L report on the fmaterial deleced] tests acknowl-
edged that the surrogate munitions may react more violently than the
actual Sevier munitions, potentially biasing the Dradley [material
deleted| comparison in favor of the Bradley, this is not mentioned in the
report presented to Congress. Because the [material deleted] shots were
intended to provide context for the pereeption of the Bradley's valnera-
bility, we believe that questions about the equivalence of the surrogates
should have been reported.

The three shots against a burned-out material deleted] hutk conducted
at the time ot the M-48 test have not been reported ina separate JLe
report, but only as part of the 1ba report on the first year of 101 1ha
concluded that there are tradeofts between inert and full-up testing
(recall that the M-48 was tested inert while the {material deleted| wa
tested full-up). Inert testing provides detailed information on behind-
armor effects, while full-up testing provides unambiguous information
on catastrophic Kills, The wa conclusion reflects the fact that all three ot
the [matenal deleted| shots led to catastrophic fire or explosion resulting
from impacts on main gun ammunition.

We believe that empirical demonstrations of the consequences of adopt-
ing different methodologies are desirable, but this test was i questiona-
ble basis for a general conclusion about inert versus full-up testing:
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Although the two tanks are of the same general class, they were in very
different states of repair and combat-readiness, apart from whether
they were loaded with fuel and ammunition.

The [material deleted] was missing most of its internal components. The
presence of internal components can prevent some impacts on ammuni-
tion that cause catastrophic kills, and provide data on component dam-
age by debris when catastrophic kills do not result. Althongh some
components were simulated with sheet metal after the first shot, it is
not known whether their masking effects were equivalent to actual com-
ponents, and unambiguous assessment of damage to components would
not have been possible even if catastrophic kills had been avoided.

The proper comparison for conclusions about the differences between
inert and full-up tests is between vehicles of the same model differing
only in whether they are loaded with fuel and amrunition.

JLF/Aircraft

For .iLr; Aircraft, we again address overall planning, setting test objec-
tives. test planning, implementation. and analysis and reporting. Our
review includes any planning and related information on the complete
universe of proposed tests, as well as all available reports on completed
tests. Table 3.1 identifies the individual tests we reviewed and Table 3.2
identifies the principal documents we used. Individual tests are treated
in more detail in Appendix II.

Overall Planning

The overall plans were published in a Preliminary Plan in February,
1984, and a Master Plan in October, 1984. The Preliminary Plan pre-
sented the general test concept and program logic, while the Master Plan
documented the funding requirements, objectives, test approach, hard-
ware and facility requirements, and schedule for each test. organized by
aircraft system. In all, this encompassed 97 tests. The Master Plan
closely followed the concept and logic of the Preliminary Plan. Both doc-
uments were clear and well organized.

The program was conceived in 6 phases:

tri-service test plan development

test preparation

component testing

replica:surrogate tests

full-scale aircraft tests

vulnerability reduction technology tests
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Selection of Aircraft

There is some overlap between phases. but in general they were
intended to proceed sequentially. As a consequence, full-up, full-scale
testing comes late in the program.

Aircraft were selected based on the JLF objective to test the vulnerability
of first line tactical aircraft. The selections were made to ensure a repre-
sentative, tri-service cross section of currently employed aircraft, i.e.,
swing/swept wing. fixed and rotary wing, single and multi-engine, tur-
bofan and turbajet. thrust vectoring, and metal and composite construc-
tion. The probability of obtaining a particular aircraft was also
considered, but JLF officials report that no aircraft were actually
excluded on the grounds that they could not be obtained. The selected
aircraft are listed in Table 3.3.

Table 3.3: JLF/Aircraft Target Systems

Selected for Testing

Source - - System
United Statgs _ ,,
Navy F:A-18
AV-8B
A-BE;F
i N B - F14 o -
Arr Force F-16
F-15
Army UH-€0
7 AH-64 B
Foreign [matenal deleteqd]

[matenal deleted]

Scurce JLF Arcraft Februar, 1984 Pretminar, Plan

All aircraft listed in the Preliminary Plan are still in the program except
for the F-14. According to the deputy program manager (Navy), the F-14
was removed because JLF-Aircraft was over budget, and the Navy had
four aircraft in the program compared to two each for the other ser-
vices. We could not obtain a clear statement of the reason the F-14 in
particular was removed: it does not appear to have been a lack of avail-
ability, as the F-14 is older and more plentiful than the F*A-18.

Non-tactical aircraft were never seriously considered. In part, this
reflected the limited testing budget, and in part, the historically tactical
focus of the aircraft survivability community as a whole. This focus
would not normally involve vulnerability issues in, say, strategic
bombers,
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Selection of Subsystems

Selection of Munitions

The testing program is organized around nine critical subsystems: fuel
and dry bay. propulsion, flight control, hydraulics, structures, arma-
ment. crew station, rotor/drive train, and miscellaneous. unique. A for-
mal process was used to designate test priorities:

Ist. the 10 target aircraft were crossed with the 9 subsystems to form a
target,/subsystem matrix.

2nd. officials rated their confidence in current vulnerability estimates
based on “as installed” configuration testing, for each cell in the matrix.
3rd. they rated test priority, again for each cell in the matrix, in part
based on the confidence ratings. Both confidence and priority were
rated high. medium, or low.

We overlaid the matrix of FY85 and FY86 test selections on the confi-
dence and test priority matrices, and saw no discernible relationship
between the tests selected and either confidence or priority. When ques-
tioned about this, the JLF/Aircraft program manager stated that FY85
and FY86 test selections were actually driven by:

availability of hardware (e.g., F100 engines were already in hand)

the need to ensure tri-service interest and cooperation, and related
bureaucratic concerns (e.g.. the need to start testing as quickly as possi-
ble to show JLF: Armor that JLF: Aircraft was contributing to the
program}.

That is, it appears that these practical concerns took on greater impor-

tance than confidence levels and associated priorities.

The Preliminary Plan states that specific threats applicable to both the
LIS, and foreign systems were selected by a tri-service review. No fur-
ther rationale was provided. They are listed in Table 3.4.
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Table 3.4: JLF/Aircraft Munitions

Constraints on Realism

Munition type o Size -
Eoreign threats to U.S. Aircraft ) B
Projectiles 12 7mm API

14 5mm API

23mm HEIl and API
30mm HEI and API

Warhead Fragrﬁén[s 45 Grains

70 Graing

110 Grains

200 Grains
U.S. Threats to Fareign Aircraft )
Projectiles 7.62mm AF|

12 7Tmm API

20mm AP, APl and HEI
25mm API and HEI
30mm HEI

40mm HEI

2-1000 Grans Steel
3 5-30 Grains Tungsten

Warhead Fragfﬁe?l?

Nominal fragments repre<antah. = of those produced by current surtace to-air and air-to-ar missie v.ar-
heads Specific warheads represented by these grain sizes are classifierd
Source JLF;Arcraft February 1984 Preliminary Plan

Live fire testing of aircraft is conducted on the ground. Consequently,
there are inherent limitations to the realism of tests. Although JLF/Air-
craft program planners devoted considerable attention to realism issues,
both in terms of targets and test conditions (e.g., assuring the presence
of appropriate combustibles), there are nonetheless several technical
constraints on realism. Of the four discussed here, the first three reflect
the difficulty of simulating flight conditions on the ground.

1) Limitations of airflow. Two test ranges used by JLF—China Lake and
Wright-Patterson—have the capability to simulate the airflow condi-
tions of a plane in flight. High speed airflow is considered essential tor
the realism of aircraft tests involving fire, whether component-level or
full scale. It also affects the probability of sustaining a fire once one
starts, and causes fires to take unexpected paths through the aircraft.
While some JLF; Aircraft tests for which airflow would be warranted will
not have it, in general there is an attempt to use airflow whenever
possible.

However, current airflow facilities are limited in that thev cannot blow
air over an entire aircraft. Coverage is about 5 ft. i